The rat dominant hairless gene (Ht) of the WBN/Ila-Ht rat causes atrichosis in Ht/ Ht and hypotrichosis in Ht/+. Furthermore the Ht/Ht shows signs of abnormal keratinization and almost all of the Ht/Ht die in an immature stage before weaning in the conventional environment. Ht/+ was affected by dermatitis caused by Staphylococcus aureus, suggesting that the gene Ht might involve defense mechanisms against infection. In this study, we performed the linkage analysis of the gene Ht by outocross with the Brown Norway rat in the SPF environment. Ninety-six backcross progeny of (BN × WBN/Ila-Ht/Ht) F1 × WBN/Ila-Ht/Ht were typed with microsatellite markers and the gene Ht was mapped on chromosome 10 between Asgr1 and Nos2 within the map distance of 6.2 cM. Key words: gene mapping, hairless, WBN/Ila-Ht rat experiment, three Ht/+ males were mated with four Ht/ + females (WBN/Ila-Ht) in the SPF environment at the animal facility, Nippon Medical School, Tokyo, Japan. Altogether 21 atrichotic, 39 hypotrichotic, and 15 normal hair rats were produced by 9 matings (Table 1) . The segregation ratio obtained did not deviate significantly from the expected 1:2:1 ratio (χ 2 =1.08 0.25<p<0.50). It was confirmed that the gene Ht is inherited with the mode of incomplete dominance and that homozygotes (Ht/Ht) can survive in the SPF environment. The gene Ht also affects the vibrissae; lightly wavy in Ht/+ and curled but extremely short in Ht/Ht. In addition, Ht/Ht rats have abnormal keratinization of the body skin in the immature stage (Fig. 1) .
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The hairless rat was originally found in JCL: Wistar rats stocked at Ishikawa Laboratory Animal company, Saitama, Japan. Thereafter, hairless rats were backcrossed with WBN rats for 8 generations and the congenic strain of hairless rats has been established with a background of WBN rats (WBN/Ila-Ht rat) at the company. It has been reported that the hairlessness is controlled by a dominant gene Ht, which causes atrichosis in Ht/Ht and hypotrichosis in Ht/+ [13] . Characteristic morphology of the skin and pathogenesis of the dermatitis have been reported exclusively in Ht/ + rats [1, 6, 7, 15] . The character of Ht/Ht rats has not been described in detail, since Ht/Ht rats are semi-lethal in conventional conditions. In a preliminary 1) Indicates the number of pups which died during the nursing period. All of these pups had been typed according to the nature of the vibrissae before they died. 2) In the case of the number of littermate exceeding to nine, the number of progeny was adjusted to less than nine at 1 day old. Discarded pups were typed according to the nature of the vibrissae. 3) All categories, survived, died and selected are included. 4) χ 2 -test was carried out hypothesizing that a putative incomplete dominant autosomal gene would be responsible for atrichosis as homozygous state and hypotrichosis as heterozygous. A=Atrichosis H=Hypotrichosis N=Normal hair . Ht/+ rat shows hypotrichosis (middle) and +/+ rat shows no abnormality (bottom).
In this study the linkage analysis was performed in order to determine the chromosomal location of the Ht locus. One Ht/Ht male was obtained from the previous mating shown in Table 1 . The Ht/Ht male was mated with three BN female rats (+/+), obtained from Charles River Japan Inc., Tokyo, Japan, and the resulting F1 females were mated with the same Ht/Ht male rat to produce backcross progeny, and 113 backcross progeny were obtained. They were categorized into 52 Ht/Ht and 61 Ht/+ according to their characteristics. The segregation ratio did not deviate from the expected ratio of 1:1 (χ 2 =0.72 0.25<p<0.50). High-molecular-weight genomic DNA was isolated from the spleen or tail of progeny by phenol extraction, and stored at 4°C in TE solution until examined. Initially, 24 Ht/Ht progeny were typed for 11 microsatellite makers (D2Mgh2, D3Mgh3, D4Mgh14, D5Mgh4, D6Mit1, D8Mgh1, D10Mgh10, D11Mit4, D13Mit4, D15Mgh7 and D16Mgh2) of rat chromosomes, which were purchased from Research Genetics Inc. (Huntsville, AL). The PCR was carried out in 10 µl of a reaction mixture containing 20 ng of the genomic DNA, 2.0 pmol of each of the oligonucleotide primers, 2.0 nmol of each dNTP, and 0.225U of Taq polymerase (TaKaRa, Kyoto, Japan) in the reaction buffer recommended by the manufacturer. After initial denaturation for 120 s at 95°C, 35 cycles of amplification, each consisting of denaturation for 45 s at 94°C, annealing for 45 s at 57°C and extension for 60 s at 72°C, were carried out with a Thermal Cycler PTC-100 (MJ Research, Inc.). The PCR products were separated by non-denatured 12% polyacrylamide gel electrophoresis and visualized with ethidium bromide (0.5 mg/l). The recombination fraction among the Ht and the other loci were calculated with Map Manager QTb [10] .
The order of loci was determined so that the number of recombination events was minimized. By typing the 11 rat microsatellite marker loci in the backcross progeny, significant linkage was observed between the Ht locus and the D10Mgh10 locus on rat Chromosome (Chr) 10 with a lod score (z) of 2.5 and a recombination fraction (θ) of 0.167. No significant linkage was observed between the Ht locus and the other 10 loci. Therefore, additional 24 Ht/Ht and 48 Ht/+ progeny were typed for the following 12 loci located on rat Chr 10: D10Mgh10, D10Mgh5, D10Mgh24, D10Mgh8, D10Mit8, D10Mit2, D10Wox14, D10Rat69, D10Rat30, D10Wox24, D10Rat29, and D10Rat211. Segregation of alleles of the 12 microsatellite loci and the Ht locus in 96 progeny (Fig. 2) and a linkage map of rat Chr 10 with these loci (Fig. 3) are shown. The order and dis- tances of the 12 loci on the linkage map are basically identical with linkage maps reported previously [2, 3, 8, 14] . Figure 3 also shows the comparison between rat Chr 10 and mouse Chr 11. The locus of the mouse homologue of the rat Ht could be located in the area between map position 37 (Asgr1) and 45.6 (Nos2) cM on the mouse Chr 11 (derived from the Mouse Genome Database; MGD). rnu is the only mutation in this region causing skin and hair abnormalities [5, 9, 16, 17] . The rnu has a pleiotropic effect, causing not only hairlessness but also athymia, resulting in a severely compromised immune system [4] . rnu is a mutation in the novel winged helix or fork head domain transcription factor (whn) which is expressed in both the thymus gland and the skin [11] . The mouse homolog Hfh11 is located at 45cM on mouse Chr 11. Near this area, there are some exons of unknown function expressed in the skin [12] . All phenotypes of Ht/Ht, Ht/+ and +/+ show no abnormality of the thymus, and the RT-PCR analysis demonstrated that the expression of whn in the skin and the thymus was similar in all phenotypes of the WBN/Ila-Ht rat (data not shown). These results strongly suggested that the locus of the rnu and Ht was different from each other. It has been concluded that the gene Ht is located on rat Chr 10 between Asgr1 and Nos2 within a map distance of 6.2 cM, which corresponds to 37 and 45.6 cM on the mouse Chr 11.
